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(54) RUBBER COMPOSITION CONTAINING METAL SALT OF ETHYLENICALLY UNSATURATED 
CARBOXYLIC ACID 

(57) This invention provides a crosslinkabte rubber 
composition comprising a nilrile-containing highly satu- 
rated copolymer rubber, a metal salt of an ct,p-ethyteni- 
caily unsaturated carboxylfc acid, and an organic 
peroxide, wherein the nitrjie-containing highly saturated 
copolymer rubber Is characterized by having been 
treated by applying a high shearing force thereto in the 
presence of an antioxidant so as to reduce its Mooney 
viscosity by 15 points or greater, by having a Mooney 
viscosity of 5 to 1 35 and a molecular weight distribution 
(Mw/Mn) of 3.0 to 5.0, and by showing a Mooney viscos- 
ity increase of 10 points or less when It Is allowed to 
stand at room temperature tor 30 days after the reduc- 
tion of its Mooney viscosity, Rubber materials (ag., 
belts, rolls and hoses) obtained by crosslinking thrs 
composition have improved strength properties. 
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Description 

5 [0001 J This invention relates to crosslinkabie rubber compositions which have good processability and can yield high- 
strength rubber materials. More particularly, this invention relates to cross-linkable rubber compositions obtained by 
compounding a nltrUe-oontaining highly saturated copolymer rubber having a Mooney viscosity reduced by the applica- 
tion of a high shearing force, with a metal salt of an ce.Mthytentcaiiy unsaturated carboocylic acid and an organic perox- 
ide. 

to 

Background Art 

[0002] It is known that crosslinkabie Biastomer compositions obtained by compounding an ethylenicaily unsaturated 
nitrite-conjugated diene copolymer rubber, other diene rubber, an ethylene-propylene copolymer rubber or the like with 
is methacry lie acid or other OrP-ethyienicaiiy unsalu rated carboxylic acid, a compound of divalent metal such as zinc, and 
an organic peroxide can yield cross-linked elastomer products having high mechanical strength (Japanese Patent Laid- 
Open NoS- 57553/79, 215085/^5 and 306443/ , 89). 

[0003] It is believed that, in these crosslinkabie elastomer compositions, not only the elastomer component, but also 
the methacryfic acW or other aMthylenically unsaturated carboxylic acid, the zinc or other divalent metal compound. 

so and the organic peroxide react during crosslinking to form a crossllnked polymer, 

[0004] Among others, crosslinkabie rubber compositions obtained by compounding a nitrite-containing highly satu- 
rated coporymer rubber with a zinc salt or methacryHc acid and an organic peroxide type crosslinking agent can yield 
rubber products having excellent thermal resistance and oil resistance, as well as excellent strength properties (for 
example, Japanese Patent Laid-open No. 270753/B8), 

25 [0005] However, nitrite-containing highly saturated copolymer rubbers generally fail to have good processability. Con- 
sequently, it often happens that the cflsperslbinty of various compounding Ingredients such as reinforcing agents in the 
rubbers is not always satisfactory. In order to further increase the strength of rubber products obtained from these 
crosslinkabie rubber compositions* ft Is desired to improve their pracessabitrty. 

[0000] In order to impart good processability to a nitrile-contalnlng highly saturated copolymer rubber, there has been 
so proposed a method In which its Mooney viscosity is reduced by the application of a high shearing force (Japanese Pat- 
ent Law-Open No. t22103/'91). This proposed method comprises shearing a hydrogenated nitrile rubber having a 
Mooney viscosity of 55 to 100 at a high shearing strength in the presence of an oxygen donor such as oxygen or a per- 
oxide, and a radical transfer agent so as to subject the rubber to thermal oxidative decomposition and thereby reduce 
its Mooney viscosity to a value of 30 to 50, 
ss [0007] This proposed method is based on the concept that free radicate produced during thermal oxidative decompo- 
sition are stabilized with the aid of an oxygen donor. However, it has been found that, since the peroxide, carboxyl group, 
carbonyl group and like species present after the higtvshear treatment are causative of gelation, the rubber shows an 
increase In Mooney viscosity o\irlng its storage even if an ordinary antioxidant is incorporated therein after the high- 
shear treatment. 

40 [0008] An object of the present invention Is to further improve the strength properties of rubber products obtained by 
crossllnking a crossfinkabie rubber composition prepared by compounding a nitrile-containing highly saturated copory- 
mer rubber with a metal salt of an ct.p-eihyJenically unsaturated carboxylic acid and an organic peroxide. 
[0009] As a result of repeated intensive investigations, the present inventor has found that, by crosslinking a crosslink- 
able rubber composition which is prepared by treating hydrogenated acryfonrtrrle-butadisne copolymer rubber in the 

45 presence of an antioxidant by means of a twin-screw extruder so as to reduce Its Mooney viscosity, and then com- 
pounding this rubber with methacryHc add and zinc oxHe, me strength properties of the resulting rubber products can 
further be Improved as compared with the prior art. 



so 

[001 0] Thus, the present Invention provides the following cross-linkable rubber compositions (1 ) to (4). 

(1) A crosslinkabie rubber composition comprising a nitrile-contalnlng highly saturated copolymer rubber, a metal 
salt of an a,£-Binyienicaily unsaturated carboxylic acid, and an organic peroxide, wherein the nitrile-containing 
ss highly saturated copolymer rubber Is characterized by having been treated by applying a high shearing force 
thereto in the presence of an antioxidant so as to reduce its Mooney viscosity by 15 points or greater, by having a 
Mooney viscosity of 5 to 135 and a molecular weight distribution (Mw/Mn) qf. 3.0 to 5.0, and by Showing a Mooney 
viscosity Increase of 10 points or less when it is allowed to stand In air at room temperature tor 30 days after the 
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reduction of Iks Mooney viscosity. 

(2) The crosslinkabte rubber composition of (1) which is used for the fabrication of belts. 

(3) The crosslinkable rubber composition of (1) which is used for the fabrication of rolls. 

(4) The crosslinkabte rubber composition of (1) which is used for the fabrication of hoses. 

s 

[001 1] The present invention will be more specifically described herelnbelow. 

[0012] The high-shear treated nltrflo-containlng highly saturated copolymer rubber used in the present invention is 
obtained by hydrogenating carbon-to-carbon double bonds of a nitriie-contalnlng unsaturated copolymer rubber, which 
comprises a copolymer of an ethyignicaJry unsaturated nltrile (e,g„ acrytonttrUe, methacrylonitrile or a-chloroacrytoni- 

10 trile) and a conjugated dtene (e-g., 1 ,3-butadiene, isoprene, 1 ,3-pentadiene or 2,3-dlmethyl-1 ^-butadiene), or a multi- 
ple copolymer of the aforesaid two monomers and at least one of monomers copolymerfzable therewith (e.g., vinyl 
aromatic compounds, acrylic acid, msthacryllc acid, alkyl acrylates, aiKyi methacrylafes, allcoxyalkyf acrylates. alkoxy- 
alkyi methacryiates, cyanoalkyl achates and cyanoalkyl rnethacrylates); and then subjecting the resulting rubber to 
high-shear treatment in the presence of an antioxidant so as to reduce its Mooney viscosity. 

is [0013] The nrtriie-contalnlng saturated polymer rubber, to which a high shearing force Is applied, usually contains 10 
to 60% by weight, preferably 20 to 50% by weight, of ethylenlcalry unsaturated nitrite monomer units and has been 
hydrogenated by partial hydrogenation or other means to such an extent that not less than 70%, preferably not less than 
90%, of the carborMo-carbon double bonds are hydrogenated. If the content of ethylenically unsaturated nrtrlle mono- 
mer units is unduly low, the rubber will have Insufficient oil resistance, while if rt is unduly high, the rubber will show an 

20 undesirable reduction in elasticity. If the degree of hydrogenation of carbon-to-carbon double bonds is greater than 30% 
by weight the rubber wftl show a reduction In strength properties. This nltrile-containing highly saturated copolymer rub- 
ber generally has good oil resistance, thermal resistance and weather resistance. 

[001 Specific examples of this nfinte-containing highly saturated copolymer rubber include hydrogenated acryloni- 
trile-butadiene copolymer rubber, hydrogenated acrylonitrrle-isoprene copofyrnsr rubber, hydrogenated acrylonltrlle- 
& butadiene-acrylate copolymer rubber and hydrogenated acryionrtrffe-butadlene-acrytate-methacrylic acid copofymer 
rubber. 

[0015] This nltrile-containing highly saturated copolymer rutfcer, to which a high shearing force is applied, usually has 
a Mooney viscosity (ml^) in the range of 60 to 150. Moreover, its Iodine value Is not greater than 120 and preferably not 
greater than 60. 

30 [0016] When this nitrile-containing highly saturated copolymer rubber is subjected to high-shear treatment, its 
Mooney viscosity In the range of 60 to 150 is reduced by 1 5 points or greater, preferably 30 points or greater, and more 
preferably 60 points or greater, so that the copolymer rubber has a Mooney viscosity In the range of 5 to 135, preferably 
20 to 1 20, and more preferably 20 to 90. 

[0017] This high-shear treatment usually comprises treating the rubber at a temperature of 200 to 380*0, preferably 
$s 240 to 360*C, and a shear rate of 500 to 5,000 S \ preferably 000 to 4,800 S _1 , for a period of SO to 200 seconds, 
preferably 90 to 150 seconds, substantially in the absence of oxygen donors such as oxygen, peroxides .and nitrates. 
The expression "substantially in the absence of oxygen donors 0 as used herein means that the present invention does 
not include an embodiment In which the foregoing oxygen donors are allowed to coexist as described, for example, in 
Japanese Patent Lard-Open No. 122103/91. It is to be understood that the present invention is not necessarily limited* 
4a to treatment in an atmosphere of an Inert gas such as nitrogen. 

[0018] The nltrile-containing highly saturated copolymer rubber having a Mooney viscosity reduced by the high-shear 
treatment is a substantially gel-free rubbBr characterized In that It shows a Mooney viscosity increase of at most 10 
points or less, preferably 5 paints or less, when it is allowed to stand in air at room temperature for go days after the 
reduction of Its Mooney viscosity, and its molecular weight distribution, defined as the ratio (Mw/Mn) of its weight-aver- 
46 age molecular weight (Mw) to its number-average molecular weight (Mn), is usually in the range of 3.0 to 5,0 and pref- 
erably 3.5 to 4.5. The term "average molecular weight" as used herein refers to a value determined by GPC (gel 
permeation chromatography) with reference to standard polystyrene. 

[0019] The apparatus which can be suitably used forthe application of a high shearing force include extruders having 
a single screw or multiple screws. Among others, a twin-screw extruders is preferably used. No particular limitation is 

so placed on the LTD (length/diameter) ratio of the extruder, and it may suitably be chosen so as to be in the range of about 
10 to 100. Generally. H is preferable to use an extruder having a plurality of barrels connected in series and constructed 
so that the first zone following a hopper for the supply of raw material serves to men the rubber fed as the raw material 
and disperse an antioxidant uniformly thereinto, the succeeding zone serves to apply a high shearing force to the rubber 
at a predetermined high temperature by utilizing the shearing force of the screw(s), the succeeding zone equipped with 

ss a degassing vent serves to remove volatile by-products under reduced pressure, and the last extrusion zone equipped 
with an extruding head serves to extrude therefrom the rubber now having a reduced Mooney viscosity. Although the 
lasf degassing zone i$ maintained at a reduced pressure of 10 to 750 mmHg and preferably TOO lo 750 mmHg, H may 
be maintained at atmospheric pressure. If desired, a peptizer such as the zinc salt of 2-rjenzamfdothtophenol may be 
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added during the high-shear treatment. 

[0020] Among twin-screw extruders preferably used as apparatus for the application of a high shearing force, a twin- 
screw extruder having two completely engaged screws rotating in the samB direction Is especially preferred- As to the 
shape of the screws, double-threaded Dr higher multi-threaded screws are preferred for the purpose of applying a 

? shearing force, usually, double-threaded or triple-threaded screws are used. Specific embodiments are as follows. 
[0021 J The L/D (length/tiameter) ratio of the extruder Is preferably In the range of 30 to 50, If this ratio is unduly small, 
a sufficiently extending cooling zone cannot be secured. Consequently, the rubber will not be fully cooled at the outlet 
of the extruder and, therefore, cannot be satisfactorily taken off, or the rubber will be extruded at such a high tempera- 
ture that the rubber may undergo deterioration or gelation. That is, since the rubber has high viscosity, a very large 

10 amount of heat is generated under high shear and the rubber easily reaches a high temperature. For this reason, the 
rubber must be fulry cooled before being extruded from the extruder and, therefore, the extruder must be provided with 
a cooling zone of required extent The rubber temperature at the outlet of the extruder fe 360°C or below and preferably 
330*C or below. 

[0022] Generally, in an extruder having a plurality of barrels connected in series, the first zone following a hopper for 
is the supply of raw material and comprising one of the three almost equal parts Into which the whole length of the 
extruder is divided serves to melt the raw material and form an essentially homogeneous Wend In which an antioxidant 
Is uniformly dispersed. Basically, the function of the screws) In this zone is to send the rubber forward, so that the rub- 
ber is gradually compressed. The temperature Is preferably preset so that the melt kneading In the succeeding zone will 
be carried out properly. In practice, it is preferable that the temperature be raised to 250*C by steps. 
20 [00235 In the middle zone comprising one of the three almost equal parts into which the whole length of the extruder 
is divided, the rubber Is kneaded by the action of the screw(s), and a shearing force is applied to the rubber at a prede- 
termined high temperature by utilizing the screw{s>. The temperature In this zone Is preset at a value of 240 to 3Z0°C 
and preferably 260 to 300°C. If the temperature is unduly high, the degree of reduction in Mooney viscosity will be 
increased, but the rubber temperature will rise to such an extent that the rubber will be extruded before It is fully cooled. 
25 As a result, the rubber may undergo deterioration or gelation as described above. On the other hand, ff the temperature 
is unduly low, the degree of reduction in Mooney viscosity will be low. Although It may be possible to employ a method 
for raising the rubber temperature by utilizing the generation of heat by shearing, this method tacks stable productivity 
in the extruder. Accordingly, It is preferable to preset the temperature as described above. 

[0024] In the succeeding last zone, the rubber heated to a high temperature is cooterj, moisture and volatile by-prod- 
30 ucts are removed through a degassing vent, and the rubber now having a reduced Mooney viscosity Is extruded from 
an extruding head- Basically, the function of the screw(s) in this zone is to extrude the rubber, and it is preferable that 
the shearing force be weak. The rubber must be folly cooled while « passes through this zone. The time required for its 
passage can be controlled by varying the pitch of the screwts). The temperature in this zone is preset at a value of 1 80 
to 250°c and preferably 130 to 240°C. Although me degassing zone is maintained at a reduced pressure of 10 to 750 
ss rnmHg and preferably 700 to 750 mmhig, it may be maintained at atmospheric pressure. 

[0025] The antioxidant used during the application of a high shearing force is an organic compound which, as known 
In the field of rubber technology, functions to convert rubber radicals and rubber hydroperaxy radicals formed by the oxi- 
dation reaction and other reactions of rubber into a form not participating In the oxidation chain reaction mechanism or 
to convert hydroperoxides Into a stable alcohol form, and which is used forthe purpose of preventing the aging of rubber 
40 and extending its life. 

[0028] Examples of the antioxidant used Include aromatic secondary amine type, amine-ketone type, mercaptoben- 
zimidazole type, bisphenol type, monophenol type, thiobisphenol type, hydroqulnone type, nickel salt type, thiourea 
type, thioether type and phosphorus type antioxidants. Among them, aromatic secondary amine type, amine-ketone 
type, mercaptobenzimidazole type and bisphenol type antioxidants are preferred. 

4s [0027] Aromatic secondary amine type antioxidants are secondary amines having an aromatic ring attached to the 
nitrogen atom. Specific examples thereof include diarytamfne type antioxidants such as octytated dfphenyfamfne, 
. alkylated diphenyfamlne, 4 r 4'-bfs(dl-methy1beri2yt)diphenylamine and phenyl-a^aphthylamlne; diaryl-p-phenylenedi- 
amine type antioxidants such as dirjhenyl-p-phenyfonedlarntne and dinaphthyl-p-phenylenediamlne; and alkyVaryl-p* 
phenylenediamine type antioxidants such as N-isopropy|.N , -phenyl-p-phenylenediamine, N-I.S-dimethylbutyl-N'-phe- 

$o nyl-p-phenylene-dlamlne, N^3-mefhaeivlc7loxy-2-h^ and N-(methacry- 

loyl)-N'-phenyl-p-phenylenediaminB. 

(0028] Amine-ketone type antioxidants arc condensation products Df aromatic amines with ketones. Specific exam- 
ples thereof include the aniline-acetone condensation product, the p-phenelidine-acetone condensation product and 
the dlphenylamine-acetone condensation product 
65 [0029] Specific examples of mercaptobenzirrfda2o!e type antioxidants Include mercaptobenzimidazole and its zinc 
salt, and mercapfornethylbenzimldazole and its zinc salt. 

[0030] Specific examples of bisphenol type antioxidants include bisphenol alkanes such as 2 f 2*-melrrylenet)ls{4- 
methyt-6-t-butylphenol) and 4,4 T -butyitdenebis(3-methyl-6-t-butylphenol); and bls-phenol sulfides such as 4,4'«thiobls{3- 
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metty^fc-t-butytphenol). 

[0031] Specific examples of monophenol type antioxidants include styrenated phenol. 2.6-dl-t-buty»-4-methylphenol, 
2,6-dW-butyl-4-elhy!pP»enol, n-cctadeyt 3-(3.5-di-f-butyl-4-hydroxypheny0"prt>pianate ( 2,4-dJrnethy|.6-(1 -methylcy- 
clohexyOphenol. 2-Vbuty^3-t^tyl-2-hydiray-5-rr^ acryiate and 2-[l-(2-hydn>3,5-di-t- 

5 pentylpheny!)Btnyl]-4,6-dl4 k pentylphen(yi acrylate. 

10032] Specific examples of thiobisphenol type antioxidants Include d^'-thtobl^S-methyl-e^-butylphenol), 4.4- 
bis(a,5^i-t-buty1-4-hydroxybenzyl) sulfide and 4,4Mhiobis(6-t-butyl-o-creso1). 

[0033] Specific examples of hydroquinone type antioxidants Include 2.5-di-t-butylhydroqurnone and 2,5-di-t^amylhyd- 
ruquinone. 

w [0034] Specific examples of nickel salt type antioxidants Include nickel dlmethyldlthiocarbamate, nickel dlethyldithlo- 
carbamate, nickel dibutyldlthiocarbamate and nickel isopropylxanlhate. 

(0035] Specific examples of thiourea type antioxidants include 1 ,3-Ws(dimethylaminopropy0tniourea and triburyfthtou- 
rea. 

[0036] Specific examples of thloether type antioxidants Include dflauryl 3,3-thiodipropionate, distear yl 3,3-thiodipropr- 
15 onate and pentaerythrltol tetraWs((3-laurytmiopropionatey 

[0037] Specific examples of phosphorus type antioxidants Include tiis{nonyiaied phenyl) phosphite. 

[0038] These antioxidants are usually used in an amount of 1 to 10 pads by weight, preferably 2 to 5 parts by weight, 

per 1 00 parts by weight of the nftrife-containing highly saturated copolymer rubber. 

[0039] These antioxidants may be used alone or in admixture of two or more. Moreover, the antioxidant or antioxidants 
so may be added at a time to the nitrite-containing highly saturated copolymer rubber to which a high shearing force is 
applied, or may be added thereto In divided portions. When two or more antioxidants are used, it is possible, tor exam- 
ple, to first add an amine-ketone type antioxidant to the rubber, extrude the rubber from an extruder, and then add a 
mercaptobenzimidazole type antioxidant thereto, 

[0040J in preparing the crossllnkaWe rubber composition of the present invention, other rubbers may be used In com- 
as bination with the nitrile-oontaining highly saturated copolymer rubber having been treated by applying a high shearing 
force thereto so as to reduce its Mooney viscosity, so long as the effects of the present Invention are not detracted from. 
[00^1] Examples bf such other rubbers include heat-resisting rubbers. 

[0042] Heat-resisting rubbers usually have a Mooney viscosity in the range of 10 to 200, preferably 20 to 150. and 
more preferably 30 to 1 00. 

30 [0043] Specific examples thereof Include nltrile-containing unsaturated copolymer rubbers and their hydrogenated 
rubbers, saturated ethylene copolymer rubbers, polyacrylic ester copolymer rubbers, potyether rubbers and fluororub- 
bers. These heat-resisting rubbers may bB used In admixture of two or more. 

[0044] Usable nltrire-contarning unsaturated copolymer rubbers and their hydrogenated rubbers are the same as 
those described previously. 

35 P5045] Saturated ethylene copolymer rubbers are copolymers derived from ethylene, an a-olefin and an unconjugated 
diene. and are substantially saturated copolymer rubbers. Typical examples thereof include low-crystalline or noncrys- 
talline elastomers consisting mainly of ethylene and an a-olefln or olefins of 3 to 1 4 carbon atoms and having a degree 
of crystallinlty of not greater than 20% and preferably not greater than 10%, such as ethylene-propylene-unconjugated 
diene terpolymer or multiple copolymer rubber, ethylene-propylene-1-butene-unconjugated diene copolymer rubber 

40 and ethylane-1-butene-unconjugated diene multiple copolymer rubber; and mixtures thereof. Among others, ethylene- 
propylene-unconjugated diene terpolymer rubber Is preferred- Usabte unconjugated dienes include dicyclopentadlene, 
1,4-hexadiene, cyclooctadlane, methyfenenorbornene, 5-ethyf idene-2-nortJom ens and the like. Among others, copoly- 
mers containing dteyclopentadiene or 5-ethytidene-2-norbornene as a third component are preferred 
[0046] These ethylene-a-olefin copolymer rubbers preferably have an Iodine value of not greater than 20. 

46 [0047] In these ethytene-bassd saturated copolymer rubbers, the molar ratio of ethylene units to cc-olefin units is pref- 
erably in the range of 50/50 to 90/10 and more preferably 60/40 to 84/16, and the molar ratio of (ethylene + a-olBfb) 
units to unconjugated diene units (in the case of a terpolymer or multiple copolymer) Is preferably in the range of 98/2 
to 90/10 and more preferably 97/3 to 94/6. 

[0046] The ethylenteafly unsaturated carboxylic acid metal salt used In the present invention may have a structure in 
so which an ethyienfcaily unsaturated cartxsxylic acid of 5 or less carbon atoms having one or more carboxyl groups is 
combined with a metal by an ionic bond. 

[0049] Examples of the effiylenfcally unsaturated carboxylic acid include monocarboxyilo acids such as acrylic acid 
and methacryfic acid; dlcarboxyfte acids such as ma I sic add, fumarlo add and ftaconic acid; and monoester com- 
pounds formed from an unsaturated carboxylic add and having i to 8 carbon atoms, such as monomethyl maleate and 
as monoethyl rtaconate. 

[0050] No particular limitation Is placed on the type of the metal, so tang as It can reacts with the aforesaid eihyleni- 
cany unsaturated carboxylic add to form a salt Usually, there may be used zinc, magnesium, calcium, barium, titanium, 
chromium, iron, cobalt, nickel, aluminum, tin, lead and the like. Among these metals, zinc magnesium, calcium and alu- 
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minum are suitable from the viewpoint of strength properties, and zinc is especially preferred. 

[0051] The molar ratio of the aforesaid ethylenlcaily unsaturated carboxytlc acid to me aforesaid metal is preferably in 

the range of 1/0.5 to 1/3. 

[0052] When the crossflnkaWe rubber composition of the present invention is prepared, instead of compounding and 
s kneading the ethylenicaily unsaturated carboxylic add metal salt with other ingredients, the ethylenlcally unsaturated 
carboxylic acid metal salt may be formed In sHu by adding the aforesaid ethylenicaily unsaturated carboxylic acid and 
an oxide, hydroxide or carbonate of the aforesaid metal, and reacting them during kneading or other operation. 
[0053] Although no particular limitation Is placed on the amount of ethylenicalry unsaturated carboxylic acid metaJ salt 
used, it ts usually used Hi an amount of 3 to 120 parts by weight preferably 5 to 100 parts by weight, and more prefer- 
to ably 10 to 60 parts by weight, per 100 parts by weight of the rubber component in the composition of the present inven- 
tion, if its amount used is unduly small or unduly large, the rubber products obtained by crossirnking will undesirably 
have poor strength properties. 

[0054] No particular limitation is placed on the type of the organic peroxide used in the present invention. However, 
preferred examples thereof Include dlcumyl peroxide, di-t-butyl peroxide, benzoyl peroxide, 2,5Kjimethyl-2 f 5-df(t-butylp- 
15 eroxy)hexyne-3, 2,5^methyl-2 r 5^i(benzDylr«roxy)hexane, etc These organic peroxides may be used alone or in 
admixture of two or more, and are usually used in an amount of 0.2 to 20 parts by weight, preferably 1 to 10 parts by 
weight, per 100 parts by weight of the rubber component. 

[0055] In order to Improve moid release properties during erossHink moldJng, a sulfur- or phosphorus-containing ani- 
onic surface-active agent may be incorporated into the crosslinkable rubber composition of the present invention. 

20 Examples of the sulfur- or phosphorus-containing anionic surface-active agant include (1) sulfonic add salt type sun 
face-active agents comprising group IA. IIA and IIB metal salts of sulfonic acids, (2) sulfuric ester salt type surface- 
active agents comprising group IA, IIA and IIB metal salts of esters formed from sulfuric acid and alcohols, and (3) phos- 
phoric ester salt type surface-actrve agents comprising group IA, IIA and IIB metal salts of phosphoric esters. 
[0056] The group IA, IIA and IIB metals include lithium, sodium, potassium, magnesium, calcium, barium, zinc and 

25 the like. Among others, sodium Is preferably used. 

[0057] Besides these compounds, there may be used phosphonic acid compounds (e.g., alkyfphosphonic acids, alky- 
larylphosphonic acids, phosphonic acid amine salts, acyloxyphoshonic add, ketophosphonte acids and phoa- 
phonic/suifuric esters), alkylsufflnic acids, alkyfttiiosulfuric esters, alkyihydrosuKurous esters, alkylpersutfuric esters, 
alkylsuHamic acids, amide-linked sulfamic acids, alkylsurfonamides. alkylacylsulfonamldes, alkyldlsulfonlmides, alkyl- 

30 sulfonylureas, alkyldithtocarbamte adds and the like. 

[0058] These anionic surface-active agents may be used alone or in adm ixture of two or more. Among these surface- 
active agents, sulfonic acid salt type surface-active agents (1) are preferably used. Among others, alkytbenzenesulfortfc 
add salts having an alkyl group of 10 to 1 8 carbon atoms are preferred, and sodium dodecylbenzenesulfonate is espe- 
dally preferred. 

3s [0059] Although no particular limitation Is placed on the amount of anionic surface-active agent used, rt is usually used 
In an amount of 0,5 to 10 parts by weight, preferably 1 to 5 parts by weight, per 100 parts by weight of the rubber com- 
ponent. If its amount used is unduly small, the resulting composition win show no improvement In mold release proper- 
ties. If Its amount used is unduly large, the rubber products obtained by crosafinking will undesirably show a reduction 
in strength properties. 

4o [0080] Moreover, a metal salt ot a higher fatty add may also be Incorporated thereinto as required. Examples of the 
higher fatty acid include saturated fatty adds such as caproio acid, caprytfc add, capric add, laurfoadd, trldecyffc acid, 
myristic acid, pentadecylfo add, palmitic add, heptadecylic acid, stearic add, nonadecanota add, arachic acid, behenic 
acid, lignoceric add, cerotic acid, montanic add and meiissic acltfc and unsaturated fatty acids such as oleic acid, 
elatdfc add, Mnolic acid, linolenic acid and arachidonfc acid. 

45 [0061] No particular limitation is placed on the typa of the metal used for the synthesis of such a higher fatty acid metal 
salt However, preferred examples thereof indude alkali metals such as lithium, potassium and sodium; alkaline earth 
matals such as magnesium, calcium and barium; zinc family metals such as zinc and cadmium; carbon family metals 
such as tin and lead; and group Vlf I metals such as nrckeL Among others, tram the viewpoint of the properties of rubber 
products obtained by crossfinking, alkali metals, alkaline earth metals, zinc family meials and carbon family metals are 

so preferred, and lithium, sodium, potassium, calcium, barium, zinc and fin are especially preferred. The amount of higher 
fatty acid metal salt used is In the range of 0,5 to 20 parts by weight, preferably 1 to 10 part6 by weight, per 100 parts 
by weight of the rubber component. 

[0062] The crosslrnkable rubber composition of the present invention is prepared by kneading the above-described 
nltrae-oontainrng highly saturated copolymer rubber having been treated by the application of a high shearing force, with 
ss the above-described compounding ingredients by means of a roll mill, Banbury mixer or the like. Beside these com- 
pounding ingredients, various additives usually used In the elastomer industry may be incorporated therein. They 
include reinforcing agents such as carbon black and white carbon; fillers such as cafdum carbonate, clay and talc; and 
various compounding agents such as plastidzars, antioxidants, ultraviolet absorbers, softeners, foaming agents and 
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colorants. 

[0063] Crosslfnklng ol the crossllnkaWe rubber composition of Ihe present invention may be carried out in one stage 
or In two stages. When It Is carried out in two stages, the crosslinking temperature at the first stage is preferably in the 
range of about 140 to 180°C. Although the crosslinking time depends on the crosslln Wng temperature, it generally 
s ranges from 2 to 20 minutes. The cross-linking temperature at the second stage is preferably about 10°C higher than 
that at the first stage. 

[0064] The cmsslinfcable rubber composition of the present invention may be crosslink-molded into various rubber 
products according to wefl-known molding techniques such as press molding, injection molding and transfer molding. 
In carrying out this cross-link molding, |he crossHnked rubber can be efficiently molded by using molds coated with an 
io organic fluorine compound type mold releasing agent. 

[C065] The organic fluorine compound typs mold releasing agent used Is a compound which forms a liquid or solid at 
the molding temperature of the crossllnked rubber. Examples thereof include organic fluorine compounds of the per- 
fluorosuMonic add salt type, fluorinated organic compound type, fluorinated olefin addition polymer type, and f luorinated 
ether type. 

1$ [0066] Among them, perfluorosulfonic acid salt type mold releasing agents are superior in performance. These 
organic fluorine compound type moid releasing agents may be used alone or in admixture of two or more. Moreover, 
mold releasing agents other than organic fluorine compound type mold releasing agents, such as silicone type mold 
releasing agents and metal soap type mold releasing agents, may also be used in com&ination. in order that the per- 
formance of the organic fluorine compound type mold releasing agent(s) may not be detracted from, mey are suitably 

20 used in an amount of not greater than 50% by weight, preferably not greater than30% by weight, based on the organic 
fluorine compound type mold releasing agent(s). 

[0057] The organic fluorine compound type moid releasing agent used is usually dissolved or dispersed in an organic 
solvent or an organic medium. H fe usually preferable that the concentration of the organic fluorine compound type mold 
releasing agent In the organic solvent solution or aqueous dispersion be in the range of about 0-05 to 1 0% by weight. 
ss [coss] in order to apply the organic fluorine compound type mold releasing agent, there may be employed any well- 
known method. For example, the mold releasing agent may be applied by dipping the moW Into a solution or dispersion 
of the mold releasing agent, by spraying or brushing the mold with a solution or dispersion of the mold releasing agent, 
or by impregnating cloth with a solution or dispersion of the mold releasing agent, using this cloth to coat the mold there- 
with, and then evaporating the organic solvent ot water. 

so 

Industrial Arc qjcatolrtv 

[Composite materials formed from the rubber composition and fibers] 

35 [0069] The rubber composition of the present Invention exhibits good processabillty and hence brings about an 
improved adhesion to various fibers such as nylons, composite materials formed from the rubber and fibers can yield 
products having excellent bonding strength and mechanical strength as a result of crosslink bonding. These composite 
materials are useful for the fabrication of belts, hoses and the like. Usable fibers include natural fibers such as cotton; 
regenerated fibers such as rayon; synthetic fibers such as nylons, polyesters, vinylon and aromatic polyamlde fibers; 

40 steel fiber; glass fiber; and carbon fiber. These fibers may be used alone or In admixture of two or more. Although these 
fibers are used by embedding them in the nrtrlle-contalnlng highly saturated copolymer rubber as reinforcing fillers In 
the form of staple, in the form of filaments, or in the form of cords, ropes or woven fabrics (ag„ canvas and reed 
screens), the type and form of the fiber used may suitably be determined according to the type (or use) ot the desired 
rubber product. 

43 [0070] Prfor to compounding with the copolymer rubber, the fibers are subjected to adhesion pretreatment according 
to the method usually employed for the respective fibers, but no special treatment is required. For example, rayon and 
nylons are usually subjected to adhesion treatment with a mixture (hereinafter abbreviated as RFL) composed of an 
aqueous solution of a resorclnol-forrnalin precondensate (hereinafter abbreviated as RF) and a rubber latex. • 
[0071] On the other hand, in the case of fibers such as polyesters and aromatic poryamldes, the above-described 

so adhesion treatment with RFL may fail to produce a sufficient adhesive force because they have poor Bdheslon to rubber 
owing to their molecular structures. Accordingly, these fibers are previously treated with a treating solution containing a 
compound selected from Isocyanales, ethyleneihioureas, epoxies and the like, or an appropriate combination of such 
compounds, then heat-treated, and subsequently subjected to adhesion treatment with RFL For glass fiber. It Is gen- 
erally effective to treat it with a siiane coupling agent such as epoxysilane or an aminosllane (e.g. r aminopropyHriethox- 

55 ysllane) prior to adhesion treatment with R FL 

[0072J No particular limitation is placed on the type of the rubber latex used In the adhesion treatment with RFL 
Examples thereof include nitrite copolymer lattees and halogen-containing polymer latloes. The nitrite copolymer latices 
include, for example, acryfonitrfie-butadiene copolymer latex, acryc^rmie-butadiene-melhacrylic acid copolymer latex, 
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acrylonitrHe-butadiene-acrylic acid copolymer latex, acrylonJtrl)e-bot9Cliene-vinylpyrf<fine copolymer latex, and latices of 
these copolymers whose butadiene unite naive been hydrogenated. Tha halogen-containing polymer latices include 
epicnlorchydrin polymer latex, latex of a copolymer of eprchlorohydrln and one or more other epoxide and oxetanes, 
chtoraprane rubber latex, chlorosulfonated polyethylene latex, chlorinated polyethylene latex, latex of chforlne-contaln- 
s ing acrylic rubber copolymarlzed with a chlorine-containing monomeT as a crosslinking monomer, brominated butyl rub- 
ber latex, polyvlnylldene chloride latex, latex of a chlorinated or brominated cDene rubber (e.g., acrylonrtrile-butadlene 
copolymer rubber, styrene-butadlene copolymer rubber or potybutadiene rubber), chlorinated or brominated ethyiene- 
propyiene-dlene monomer terpolymer latex, and the like. 

[00731 An aqueous emulsion of the rftrfle-containing highly saturated copolymer rubber may preferably be used as 
10 the latex for adhesion treatment with RFL, because this can further enhance the adhesion between the rubber compo- 
sition arid the fiber. These rubber latices may be used alone or In admixture, 

[0074] Rubber latices prepared by emulsion polymerization may be directly used in the adhesion treatment with RFL 
Besides these rubber latices. there may also be used rubber latices obtained by dissolving a solid polymer in a solvent 
adding water and an emuisifier to this solution, stirring the resulting mixture to form an emulsion, and removing the soi- 
ls vent therefrom by means of an evaporator or the like. In the present invention, no particular limitation Is placed on the 
method for preparing the latex. 

[0075] The RFL solution used for the treatment of fibers te a mixture of a rubber latex and RF. Although no particular 
limitation is placed on the composition of the mixture, it is usually desirable that the solid weight ratio of the latex to RF 
be in the range of 10:1 to 2:1, Moreover, although no particular limitation is placed on the molar ratio of resorcinol to 
so formalin in the RF solution, it is usually desirable that the molar ratio be in the range of 1 :3 to 3:1. More desirably, it is 
in the range of 1 :1 to 1.5:1 . Furthermore, as the RF solution, any mixture commonly used for crosslink bonding between 
a rubber composition and a fiber may be used without any particular limitation. 

[0076] Although no particular limitation Is placed on the method for treating a fiber with the RFL treating solution, it is 
common practice to dip the aforesaid fiber according to a dipping process and the heat-treat ft. No particular limitation 

25 is placed on the heat-treating conditions employed in the present invention. However, a temperature and time sufficient 
to react and fix the RFL deposited by dipping are chosen, though they may vary somewhat according to the type of the 
fiber. Usually, the heat treatment is carried out at a temperature of about 140 to 210°C for about 1 to 10 minutes. 
Depending on the type of the fiber, it is usually possible to pretreat the fiber by dipping it Into an isocyanate solution, an 
epoxy solution or a mixture thereol and then drying it, prior to dipping into the aforesaid heat-treating solution. In this 

30 case, it is desirable that the drying temperature be not higher than the succeeding heat-treating temperature. 

[Compounding of the rubber with a fiber] 

[0077] in carrying out crosslink bonding between a fiber having undergone the above-described RFL treatment and 
35 the nitrile-containing highly saturated copolymer rubber composition, the fiber Is, for example, blended with the nitrite- 
containing highly saturated copolymer rubber composition or laminated with the rubber composition. The crosslink 
bonding is carried out under crossilnWng conditions commonly employed for the rubber composition. Although no par* 
ticular limitation is placed on the crossIlnkJng conditions, the crosslinking is usually carried out at a temperature of 130 
to 20CTC and a pressure of 0-5 to 10 MPa for 1 to 1 20 minutes. 

40 

[Belts] 

[00781 No particular limitation is placed on the method for the fabrication of belts. The rubber composition of the 
present invention is compounded with a fiber having undergone adhesion pretreatment according to a common belt fab- 
46 rication procsss. Than, belts are made by mowing the resulting composite material into a shape suitable for the 
intended purpose, and then subjecting it to a cross-linking step. 

[Hoses] 

$0 [0079] No particular limitation is placed on the structure of a hose using the rubber composition of the present inven- 
tion and the method for the fabrication of such a hose. The rubber composition of the present invention is particularly 
suitable for use as a material for the innermost layer of a hose of multilayer structure, usually of two-layer or three-layer 
structure, but may be used as a material for other layers. Each layer of the hose Is formed by crosslinking a crosslinka- 
ble rubber composition meeting Its Intended purpose. The crossiinkabie rubber composition constituting each layer 

ss ihereof also comprises a rubber compounded with one or more crosslinking agents, assistants, fillers, antioxidants, 
piastscizers, processing aids and other additives as required. Moreover, in order to Impart strength thereto, a braided 
reinforcing thread layer may be formed between the crossllnked rubber Although no particular limitation Is placed 
on the type of the thread constituting the braided reinforcing thread layer, polyester fibers, nylon fibers, aramid fibers 
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and the like arc usually used because of their excellent thermal resistance. 

[ooeoj Hoses of two-layer structure are made, for example, by molding the crosslinkable rubber composition of the 
present invention to form an inner layer, forming a braided reinforcing thread layer around it applying an adhesive 
thereto, forming thereon an outer layer comprising a crossiinkable rubber composition, and subjecting this assembly to 

$ a cros stinking step (or effecting crosslink bonding of all layers. 

[0081 ] Hoses of three-layer structure are made, for example, by molding ms crossiinkabfe rubber composition of the 
present invention to form an Inner layer, forming a braided reinforcing thread layer around the Inner layer, applying an 
adhesive to the outer surface of the braided reinforcing thread layer, forming thereon an Intermediate layer comprising 
a cross? inkable rubber composition, applying an adhesive to the outer surface of the Intermediate layer, forming thereon 

io an outer layer comprising a crossiinkable rubber composition, and subjecting this assembly to a crosslink no, step for 
effecting crosslink bonding of all layers. 

[Rubber rolls] 

1$ [00B2] Rubber roils may be made according to the same method as generally employed for the fabrication of rubber 
rolls, and no particular limitation is placed on their fabrication method. For example, there is employed a method which 
comprises placing a core consisting of a roll-shaped base material (e.g., a metallic rotating shaft) in a roll mold, pouring 
the rubber composition thereinto and shaping it Into a roll surrounding the core, and then crossllnklng It by heating to a 
temperature of 100 to 250*C. After crosslinking, the resulting rubber roll may be subjected, if necessary, to a surface 

a? treatment for decreasing the frictionaJ resistance of the surface or reducing its tackiness. 

Seal Mode for Carrying Out the Invention 

[0083] The present invention is more specifically described with reference to the following examples. In the examples 
25 and comparative examples, all parts and percentages are by weight unless otherwise stated. 

[00A4] fn the examples and comparative examples, the Mooney viscosities of rubbers were measured at 100°C 
according to JIS K 6383. 

[0085] The antioxidant used during the application of a high shearing force was poly(2, 2, 4-trimatftyM hydroquin- 
oline) (RD, TMDQ; amine-ketone type "Nocrac 224", manufactured by Oouchl Shinto Chemical Industry Co., Ltd.), 
3d [0086] Rubber compositions were evaluated according to the following procedures. 

(1) Tests for the evaluation of high-speed crosslinks blllty 

[0087] According to Japan Rubber Associatton Standard SRJS 31 02, about 10 g ot each of the uncrossflnked rubber 
35 compositions prepared according to the formulations shown in Table 1 was used to measure its scorching times CTio, 
T50 and T&O) (In minutes), maximum torque (Vmax) and minimum torque (Vmin) (in kg/cm) by means of a Curelastme- 
ter. Smaller values of T10, T50 and T90 lower crossllnklng rates. Moreover, larger values of Vmax mean higher 
crosslinking efficiency. 

40 (2) Tests for the evaluation of crosslinked properties 

p»8B] According to Japanese industrial Standard (JIS) K 6301 , each of the uncrosslinked rubber compositions pre- 
pared according to the formulations shown in Table 1 was crosslink€xJ at 170°C for 20 minutes to form a 2 mm thick 
sheet. Then, using a No. 3 dumbbell die, specimens were punched therefrom and used to measure its tensile strength 
4$ (in kgf/cm 2 ), 20%, 50%, 1 00%. 200% and 300% tensile stresses (in kgf/cm 2 ), and elongation On %). Moreover, Its hard- 
ness was measured with a JIS spring-operated A type hardness tester. Furthermore, according to JIS K 6301, its test 
for compression set was carried out at 1 50°C for 72 hours. 

Preparation of nltrlle-containfno highly saturated copolymer rubb ers having a Mooney viscosity reduced by high-shear 
so treatment 

[0089] 1 00 parts by weight of a hydrogenated acryfonitiile-butadienB copolymer rubber (having a Mooney viscosity of 
140, a degree of rrydrogenation of 95%, an iodine value of 1 1 , and an acrylonitrite unit content of 38%) and 3 parts by 
weight of an antioxidant were fed to a twtn-screw extruder and subjected to high-shear treatment under the following 
55 conditions. Thus, there were obtained two types ol copolymer rubbers. One of them was a copolymer rubber (LZP-1) 
whose Mooney viscosity was reduced to 71 and then increased to 72 by allowing it \o stand in air at room temperature 
for 30 days, and the other was a copolymer rubber (LZP-2) whose Mooney viscosity was reduced to 56 and then 
increased to 57 by allowing it to stand in air at room temperature for 30 days. 
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[0090] As the antioxidant, there was used poiy(2.2.4-tri methyl- 1 ,2-dihydraqulnoline), 

[0091] Separately, as a comparative example, a copolymer rubber (LZP-3) was prepared under the same conditions 
as described above, except lhat no antioxidant was added. This copolymer rubber was such that its Mooney viscosity 
was reduced to 45 and then increased to 65 by allowing rt to stand In air at room temperature for 30 days. 

s 

Twin-screw extruder: 



[0092] 



10 



15 



Model: BT40 manulactured by Plastics Engineering Laboratory, Ltd. 

Screw diameter: 38 mm. 

Screw length. 1 ,600 cm. 

IJD ratio: 42. 

Type: Seven-barrel construction. 

Screw speed 400 rpm. 

Throughput 7 kg/hour 

Shearing rate: 3,200 S * 1 . 

Residence time: 1 30-1 50 seconds. 



20 Preset temperature: 



[0093] 



Barrel t (feeding zone): 100°C. 

25 

PresBt temperature: 



[0094] 

$0 Barrel 2 (melting zone): 250°C, 

Barrel 3-6 (kneading and shearing zone): 250-290°C> 

Barrel 7 (cooling and degassing zone): 20O-250°C, 720 mmHg. 

Examples 1-2 and Comparative Examples 1-g 

35 

[009?] Each of the two nitrile-contalnlng highly saturated copolymer rubbers (LZP-1 and LZP-2) having a reduced 
Mooney viscosity was compounded with zinc dimethacrytate (Zn(MAA) 2 ] and an organic peroxide type compound [Vui- 
cap 40KE; a 40 wt% preparation of 1,3-bls(t-J>utyl peroxyisopropyljbenezene] according to the formulations shown in 
Table 1 , and the resulting compositions were tested for high-speed crosslinkaoiiity and crosslinked properties. As a 
*o comparative example, LZP-3 and a commercially available hydrogenated acrylonitrile-butadfens rubber (Zetpo! 2010; 
with a Mooney viscosity of 85, an iodine value of 58, an Iodine value of 1 1 , and a bound acrylonrtrlle unit content of 36% 
by weight; manufactured by Nippon Zeon Co., Ltd.) were used and evaluated In the same manner as described above. 
The results thus obtained are shown in Table 1 . 



45 



50 



55 



10 

PAGE 17/23 * RCVD AT 3/12/2007 10:57:32 AM [Eastern Daylight Timel * SVR:USPT0-EFXRF-1/13^ DNIS:2738300 * CSID:4128091054 * DURATION (mm-ss):08^)6 



03/.12/2087 09:45 4128091054 LANXESS PAGE 18/23 



EP 0 972 797 A1 



Table 1 



35 





Comparative Example 


Example 




1 


o 
c. 


4 

I 




Formulation 










Zp2010 


100 








UP-3 




100 












inn 




LZP-2 








100 


Zn(MAA) 2 


30 


30 


orv 


30 


Vulcap 40KE 


5 


5 


5 




CurelasUiieierJest at 170°C for 30 minutes 


















MH (V max) (kg/cm) 


17.6 


143 


20.9 


19.6 


ML (V mln) (kg/cm) 


1.3 


0-7 


A & 

i,o 


4 4 

1.1 


T10 (minutes) 


to 


1.0 


U.r 


n a 
v.o 


T50 (minutes) 


3-5 


3.7 




'a t 


T90 (minutes) 


11.6 


11-8 


11-5 


11.8 


Tension test faftfir hflatinn at 170^ fnr ?fl mlnntP^ 
















Tensile strength (kgf/cm 2 ) 


333 


325 


376 


357 


Elongation (%) 


560 


590 


500 


500 


20% tensile stress (kgf/cm 2 ) 


12 


12 


15 


14 


50% tensile stress (kgf/cm 2 ) 


19 


16 


23 


22 


100% tensile stress (kgf/cm 2 ) 


28 


25 


37 


35 


200% tensile stress (kgf/cm 2 ) 


57 


49 


75 


72 


300% tensile stress (kgf/cm 2 ) 


95 


81 


132 


127 


Hardness (JlS A) 


68 


65 


69 


68 


Altar 10 seconds 


63 


61 


65 


65 


ComDresston set test 










{%)at150°C for 72 hours 


56 


67 


46 


42 



[0096] it can be seen from the results shown In Table 1 that use of the crosslinkable rubber compositions of the 
present invention brought about a marked improvement in strength properties and compression sal resistance, as com- 
pared with the prior art, Le„ the case In which the hydrogenatad NBR (IZP-3) whose Mooney viscosity had been 
reduced by high-shear treatment in the absence of antioxidant and then increased greatfy by allowing it to stand in air 
at room temperature for 30 days was used, and the case in which the hydrogenated NBR {ZP 2010) having underwent 
no high-shear treatment was used 

[0097] These improving effects of the present invention over tne prior art are believed to be attributable to the facts 
that, since the hydrogenated NBRs used in tha present Invention had a Mooney viscosity reduced by the application of 
a high shearing force in the presence of an antioxidant, they exhibit not only improved processabllity due to a reduction 
in Mooney viscosity, but also improved miscibiJiry with zinc dlmethacrylate and the like, and that, since tha rubber com- 
positions of the present invention have storage stability without suffering from gel formation and an Increase In Mooney 
viscosity, their strength properties are Improved, in particular, the rubber compositions of the present invention show a 
marked improvement In compression set resistance and are hence suitable for use as rubber materials for the fabrica- 
tion of belts, hoses and rubber rolls. 
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Effects of the Invention 

[0098] Thus, the present Invention provides crosslinkabte rubber compositions which have good procesa&bility and 
can yield rubber products having Improved strength and compression set resistance. That is, since the crossllnkable 

$ rubber compositions of the present invention have excellent processabfflty and the crossfinked products thereot have 
excellent mechanical strength and good oil resistance, thermal resistance, weather resistance and like properties, they 
are useful tor the fabrication of various sealing materials, belts, hoses and other rubber products for use In automobiles. 
[0099] Specifically, Ihey can be used in a wide range of applications Including various sealing materials such as O- 
rings, gaskets, oil seals and Freon seals; belts such as automobile V-belts, poly-ribber belts and toothed transmission 

io belts; hoses such as automobile power steering hoses, high-pressure oil-resisting hoses (e.g., oil-hydraulic hoses tor 
various type of machinery such as construction machinery) and automobile fuel hoses; rolls; rubber products for use in 
oil and gas wells [e,g. t packers, blowout preventers (BOP) and pipe protBctors]; various diaphragms; automobile dutch 
plates and brake shoes (which are made by blending a crosslinkabte rubber composition of the present Invention with 
a thermosetting resin such as a phenolic resin or an epoxy resin, and molding the resulting blend}; and the like, as well 

15 as various rubber vibration isolators, eiectricat appliances, automobile parts, Industrial goods, footwear and the like. 

Claims 

1. A crosslinkable rubber composition comprising a nitrtte-containing highly saturated copolymer rubber, a metal salt 
20 of an <*p-e1hy1enfcaJJy unsaturated carboxyfic acid, and an organic peroxide, wherein the nltrile-contalning highly 

saturated copolymer rubber Is characterized by having been treated by applying a high shearing force thereto In 
the presence of an antioxidant so as to reduce its Mooney viscosity by 15 points or greater, by having a Mooney 
viscosity of 5 to 135 and a molecula r weight distribution (Mw/Mn) of 3.0 to 5.0, and by showing a Mooney viscosity 
increase of 10 points or less when it is allowed to stand In air at room temperature for 30 days after the reduction 
25 of tts Mooney viscosity. 

2. A composition as claimed in claim 1 wherein the nitiiie-oontainlng highly saturated copolymer rubber is obtained by 
hydrogenatlng not less than 70% of the carton-to-carbon double bonds of a copolymer of an ethylenically unsatu- 
rated nitriie monomer and a conjugated diene monomer. 

30 

3. A composition as claimed in claim 1 wherein the nim'le-corrtaining highly saturated copolymer rubber contains 10 
to 60% by weight ol ethylenically unsaturated nitriie monomer units. 

4. A composition as claimed in claim 1 wtierein the nitrile-contalnlng highly saturated copolymer rubber has been 
as treated by applying a high shearing force thereto so as to reduce its Mooney viscosity by 30 points or greater, and 

the Mooney viscosity thereof is in the range of 20 to 120. 

5. A composition as claimed in claim 1 wherein the nltrlle-contalnlng highly saturated copolymer rubber has been 
treated by applying a high shearing force thereto at a shear rate of 500 to 5,000 S"\ substantially In the absence 

AO of oxygen donors. 

6. A composition as claimed In claim 1 wherein the nftrile-containlng highly saturated copolymer rubber shows a 
Mooney viscosity increase of 3 points or less when It Is allowed to stand In air at room temperature for 30 days after 
the treatment tor reducing its Mooney viscosity by the application of a shearing force. 

AS 

7. A composition as claimed in claim 1 wtierein the antioxidant is selected Irom among aromatic secondary amine 
type, amine-ketone type, mercaptobenzimidazole type and bisphenol type antioxidants. 

9. A composition as claimed In claim 1 wherein the antioxidant Is usually used in an amount of 1 to 1 0 parts by weight, 
so preferably 5 to 5 parts by weight, per 100 parts by weight of the nltrlle-contalnlng highly saturated copolymer rub- 
ber. 

9. A composition as claimed in claim 1 wherein the ethylenically unsaturated carboxylic acid metal salt has a structure 
In which an ethvlenlcaJry unsaturated carboxylic acid of 5 or less carbon atoms having one or more carboxyl groups 

55 Is combined with a metal by an Ionic bond, 

10, A composition as claimed in claim 9 wherein the ethylenically unsaturated carboxylic acid is a monocarboxylic acid 
such as acrylic acid or meihacrylic acid; a dlcarboxyllc acid such as malelc acid, fumarlc acid or Itaconlc acid; or a 
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monoalkyi (of 1 to 6 carbon atoms) ester compound of an unsaturated carboxylic acid, such as monomethy) 
maleate or morroetbyl itaconate. 

11. A composition as daimed in claim 9 wherein the metal is zinc, magnesium, calcium, barium, titanium, chromium, 
s iron, cobalt, nickel, aluminum, tin or lead. 

12. A composition as claimed in claim 9 wherein the molar ratio of the ethylenicajly unsaturated carboxylic acW to the 
metal is in the range of 1/0.5 to 1/3. 

w 13. A composition as claimed in cfairn 1 wherein the ethylenlcajly unsaturated carboxylic acid metal salt is usually used 
In an amount of 3 to 1 20 parts by weight, preferably 5 to 1 00 parts by weight, per 1 00 parts by weight of the rubber 
component. 

14. A composition as claimed in claim 1 wherein the organic peroxide is dfcurnyl peraxfda, dM-butyl peroxide, benzoyl 
is peroxide, 2,5-dimethyl-2,5-dl(t-butylperoxy)hexyne-3 or 2,5^imeff»yl-2 t 5^i(t-butytpercKy)hexane. 

15. A composition as claimed in claim 1 wherein the organic peroxfde te usually used In an amount of 0.2 to 20 parts 
by weight, preferably 1 to 10 parts by weight, per 100 parts by weight of the rubber component. 

20 16. The crossiinkable rubber composition of claim 1 which is used for me fabrication of belts. 

17. The crossiinkable rubber composition of claim 1 which is used for the fabrfcaiion of roils. 

18. The crossnnkabie rubber composition of claim 1 which is used for the fabrication of hoses. 

as 
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